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Abstract: This paper analyzes the statistical correlation of urinary serotonin and dopamine 

data in subjects not suffering from monoamine-secreting tumors such as pheochromocytoma or 

carcinoid syndrome. Peer-reviewed literature and statistical analyses were searched and mono-

amine (serotonin and dopamine) assays defined in order to facilitate their proper interpretation. 

Many research findings in the literature are novel. Baseline assays completed with no monoamine 

precursors differ from baseline assays performed on a different day in the same subject. There 

is currently no scientific basis, value, or predictability in obtaining baseline monoamine assays. 

Urinary assays performed while taking precursors can demonstrate a lack of correlation or 

unexpected correlations such as inverse relationships. The only valid model for interpretation 

of urinary monoamine assays is the “three-phase model” which leads to predictability between 

monoamine assays and precursor administration in varied amounts.

Purpose: This paper reviews the basic science of urinary monoamine assays. Results of statistical 

analysis correlating baseline and nonbaseline assays are reported and provide valid methods for 

interpretation of urinary serotonin and dopamine results.

Patients and methods: Key scientific claims promoting the validity of the urinary neurotrans-

mitter testing (UNT) model applications are discussed. Many of these claims were not supported 

by the scientific literature. Matched-pairs t-tests were performed on several groupings. Results 

of all statistical tests were compared with peer-reviewed literature.

Results: The statistical analysis failed to support the UNT model. Peer-reviewed literature 

search failed to verify scientific clams made in support of applications of the UNT model in 

many cases. 

Keywords: serotonin, dopamine, urinary neurotransmitter testing

Introduction
Three applications have evolved with regard to urinary monoamine assays. The first is 

one of the older applications used in medicine. This is the use of monoamine assays for 

screening and diagnosing tumors that secrete serotonin or dopamine (herein referred to 

as the “tumor model”), such as pheochromocytoma (a catecholamine-secreting tumor) 

and carcinoid syndrome (a serotonin-secreting tumor).1,2 The validity of this type of 

monoamine testing application is well established in the scientific literature.

The second application is the use of monoamine assays for renal organic cation 

transporter functional status determination (ie, the OCT model). Even though this 

model is relatively new, having been developed in 2003, this approach and the urinary 

serotonin and urinary dopamine applications developed according to this model are 
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supported by the scientific literature, having been discussed 

and documented in several articles since February 2009.3–5

The basis for the OCT model requires two or more serial 

urinary serotonin and dopamine (ie, monoamine) assays 

while taking varied amino acid precursor daily dosing 

amounts. The results are then compared in order to deter-

mine the change in urinary serotonin and dopamine levels 

in response to changes in dosing. A urinary serotonin or 

dopamine value less than 80 or 475 µg of monoamine per 

g of creatinine, respectively, indicates a Phase II response. 

A urinary serotonin or dopamine value greater than 80 or 

475 µg of monoamine per g of creatinine, respectively, is 

interpreted as being in Phase I or Phase III. Differentiation 

of Phase I from Phase III is as follows. If a direct correla-

tion is found between amino acid dosing and urinary assay 

response, it is referred to as a Phase III response. An inverse 

correlation is referred to as a Phase I response.3–5 Unex-

pected results with matched-pairs t-test analysis revealed no 

significant difference when comparing baseline monoamine 

assays with assays performed while taking supplemental 

amino acid precursors in the same subject.

Peer-reviewed scientific publications discussing urinary 

serotonin and urinary dopamine phase analysis according 

to the OCT model were first published in 20093,4 and 2010.5 

These publications outlined the mechanics of the three-phase 

model in connection with urinary serotonin and urinary dop-

amine under a novel renal transporter model. This transporter 

model potentially describes the etiology of the three-phase 

response of monoamine assays during the administration of 

varied amino acid precursor daily dosing values.12

The third approach defining applications for the use of 

monoamine assays is the urinary neurotransmitter testing 

(UNT) model. This paper discusses the UNT model in depth 

because it is the only model of the three that lacks valid 

scientific literature discussing the model or supporting the 

monoamine assay applications that are being promoted.

The goal of this writing is to assess monoamine assay 

applications statistically and define the validity of mono-

amine assays in the absence or presence of supplemental 

amino acid precursors. The premise of the UNT model is 

that baseline monoamine assays correlate with and are a 

good predictor of the peripheral and central nervous system 

neurotransmitter functional status. The basic assumption 

for this assertion is that serotonin and dopamine cross the 

blood–brain barrier6–8 and are then filtered at the glomeru-

lus and enter the urine without further interaction with the 

kidneys.6,8 This argument is used on the basis of the UNT 

model to justify the conclusion that monoamine assays, in 

the presence and absence of serotonin and dopamine amino 

acid precursors, correlate with central nervous system and 

peripheral neurotransmitter functional status. It also asserts 

that baseline testing is the best approach to determine the 

neurotransmitter functional status of the central and periph-

eral nervous systems.7,8,10

Other conclusions made in support of utilizing monoam-

ine assays under the urinary neurotransmitter testing model 

are as follows:

•	 Administration of amino acid precursors directly impacts 

urinary monoamine levels; therefore, the results of mono-

amine assays merely need to be interpreted as being either 

high or low values8,9,11

•	 Baseline testing of urinary monoamines prior to starting 

supplemental amino acid precursors is required in order 

to define the amino acid precursor starting dose needed 

in treatment8–11

•	 Baseline monoamine assays in the absence of supple-

mental amino acid precursors are required to diagnose 

and define the serotonin and dopamine imbalance in the 

central and peripheral nervous systems6,10

•	 Baseline monoamine assays can serve as a reference 

point to gauge treatment effectiveness after amino acid 

precursors are started6,11

•	 Baseline monoamine assays can be used to reduce the 

risk of side effects when amino acid precursor treatment 

is started.10

Materials and methods
Statistical analysis was performed for each analyzed 

grouping considered. The statistical analysis involved the 

matched-pairs t-test. After initiation of supplemental amino 

acid precursor administration or a change in daily dosing 

levels was maintained constant, a minimum period of seven 

days without missing one or more doses was required for 

data to be considered valid. This time period allows the 

amino acid precursors and the urinary monoamines to 

achieve equilibrium in order to ensure that valid urinary 

serotonin and urinary dopamine test results are obtained. 

A P value #0.05 was considered statistically significant. 

JMP software (SAS Institute, Cary, NC) was used to perform 

the statistical analysis.

Processing, management, and assay of the urine 

samples collected for this study were as follows. Urine 

samples were collected six hours prior to bedtime, with 

4 pm being the most frequent collection time point. The 

samples were stabilized in 6 N HCl to preserve urinary 

dopamine and urinary serotonin. The urine samples were 
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collected after a minimum of one week, during which time 

the patient was taking a specific daily dose of amino acid 

precursors of serotonin and dopamine. Samples were shipped 

to DBS Laboratories. Urinary dopamine and serotonin were 

assayed utilizing commercially available radioimmunoassay 

kits (3 CAT RIA IB88501 and IB89527; Immuno Biological 

Laboratories, Inc., Minneapolis, MN). The DBS laboratory is 

accredited as a high complexity laboratory by Clinical Labo-

ratory Improvement  Amendments to perform these assays.

Results
Two approaches to analyze the validity of the UNT model 

were undertaken. The first approach was a literature search 

intended to test claims made in support of applications for 

monoamine assays under the UNT model. After an exhaustive 

search, no indepth valid peer-reviewed studies were found 

documenting the UNT model. In most cases, the claims jus-

tifying use of urinary serotonin and urinary dopamine assays 

according to the UNT model were contrary to the identified 

scientific literature. The second approach was the statistical 

analysis of baseline monoamine assays in the presence or 

absence of supplemental amino acid precursors in order to 

assess the UNT model critically.

Five significant divergences from the UNT model from 

the existing scientific literature were identified. Specifically, 

divergences were noted from the established science, ie, sero-

tonin and dopamine do not cross the blood–brain barrier3,5,12,13 

and peripheral serotonin and dopamine are filtered at the 

glomerulus and then enter the proximal tubules.5 They are 

then actively transported into the proximal convoluted renal 

tubule cells where they are essentially completely metabo-

lized.5 Due to the high efficiency of this metabolic process, 

significant amounts of serotonin and dopamine filtered at the 

glomerulus do not reach the urine in patients not suffering 

from a tumor secreting serotonin or dopamine.3,5 From a 

practical standpoint, urinary serotonin and urinary dopamine 

represent serotonin and dopamine that have not previously 

been in the central or peripheral nervous system.3,5 The lit-

erature notes that urinary serotonin and urinary dopamine 

are monoamines that are newly synthesized from serotonin 

and dopamine amino acid precursors by the kidneys in the 

proximal convoluted renal tubule cells.3,5 These newly syn-

thesized serotonin and dopamine molecules are then either 

transported out of the proximal convoluted renal tubule cells 

across the basolateral membrane and then into the peripheral 

system via the renal vein or across the apical membrane 

and then into the urine.3–5,14,15 It is noted that there are many 

other renal interactions that exist between synthesis of 

serotonin and dopamine transported across the basolateral 

membrane and the apical membrane prior to arriving at 

the final destination of the renal vein or urine, respectively. 

These interactions appear small in comparison with the 

effects of the basolateral monoamine transporter and the 

apical monoamine transporter under the three-phase model.5 

There is also no correlation between urinary serotonin and 

dopamine levels and the serotonin or dopamine levels within 

the central and peripheral nervous systems.3–5 The renal 

interaction of urinary serotonin, urinary dopamine, and their 

amino acid precursors is counterintuitive. It is expected that 

when serotonin and/or dopamine amino acid precursors are 

administered, levels of the associated urinary serotonin or 

urinary dopamine will increase or decrease with increases or 

decreases in the amino acid precursor daily dosing levels, ie, 

a direct relationship. The literature reveals that this is not the 

predominant response. Outcomes are not intuitive because 

the process is complex, and there is no simple, dominant, 

direct relationship between serotonin and dopamine amino 

acid dosing and monoamine assays. Instead, a complex 

interaction is found, giving rise to the three-phase model, 

as we have previously proposed.3–5 Furthermore, there is no 

significant statistical difference between baseline monoamine 

levels in the urine and those resulting from administration 

of monoamine precursors. Given that support for this is not 

found in the literature, the following statistical analysis is 

put forth. The data for the following analysis was obtained 

from the DBS Laboratories monoamine assay database. The 

database was assembled according to the criteria discussed 

in the Materials and methods section.

By definition, the laboratory baseline reference range for a 

given assay is calculated by taking all baseline data generated for 

that assay, then defining the group of values that are within two 

SDs from the mean. This grouping size represents approximately 

95% of the initial group data generated. In the following reports 

of statistical analysis, when use of the reference range values 

is referred to, the following values were used. A laboratory 

promoting the UNT model has defined the urinary serotonin 

reference range as 150–300 µg of serotonin per g of creatinine. 

The same laboratory defined the urinary dopamine reference 

range as 150–300 µg of dopamine per g of creatinine.9

Urinary serotonin at baseline versus 
while taking 5-hydroxytryptophan
Matched-pairs groupings were queried from the database as 

follows. Two urinary serotonin samples from the same sub-

ject were obtained, one sample while taking no supplemental 

amino acid precursors and the other sample while taking 
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5-hydroxytryptophan (5-HTP), and these were match-paired 

together. A group of these matched-pairs samples were then 

defined for analysis, revealing a group of n = 167. The sero-

tonin reference range values as reported above were used to 

query the baseline urinary matched-pairs serotonin group 

of n = 167 further, revealing a group of n = 103. The group 

taking 5-HTP was then queried from the group of n = 103 

using the parameter 5-HTP , 301 mg per day, to give a final 

matched-pairs group of n = 78 for analysis.

The final matched-pairs group was then analyzed using a 

t-test, and a P value of 0.0809 was found, indicating lack of 

a significant statistical difference between baseline urinary 

serotonin levels and serotonin levels when taking less than 

301 mg of 5-HTP per day.

Urinary dopamine at baseline versus 
while taking levodopa
Matched-pairs groups were queried from the database as 

follows. Two samples from each subject, one sample taking 

no supplemental amino acid precursors and the other sample 

taking levodopa, were paired together. This revealed a group 

of n = 617. The baseline assay portion of the entire matched-

pairs group was queried with the dopamine reference range 

values reported earlier, to give a population size of n = 230. 

The group taking levodopa was then queried to find only 

subjects taking less than 361 mg of levodopa per day, lead-

ing to a final population size of n = 166. This matched-pairs 

group was then analyzed using a matched-pairs t-test, and 

a P value of 0.0742 was found, indicating no significant 

statistical difference between baseline dopamine assays and 

dopamine assays performed while taking less then 361 mg 

of levodopa per day.

Baseline serotonin assays from different 
days in the same subject
Data were analyzed in the following manner, with the fol-

lowing numbers reported in µg of serotonin per g of crea-

tinine. From a matched-pairs group of n = 146, the mean 

(SD) for both baseline serotonin urinary assay groups was 

determined. For Group 1, the mean serotonin value was 

found to be 239.0 (±2282.8). For Group 2 (baseline test-

ing performed on a different day after the first assay) the 

mean serotonin value was found to be 273.2 (±8214.51). All 

data greater than the value found in calculating the sum of 

two SDs plus the mean were removed from consideration, 

revealing a group of n = 134. The matched-pairs group-

ing was then analyzed using the matched-pairs t-test. The 

baseline urinary serotonin assay grouping analysis revealed 

a P value of 0.0080. These findings indicate that baseline 

urinary levels do differ in a statistically significant manner 

when baseline assays are performed on different days for 

the same subject and are not uniform or reproducible from 

day to day.

Baseline dopamine assays from different 
days in the same subject
Data were analyzed in the following manner, with num-

bers reported in µg of dopamine per g of creatinine. From 

a matched-pairs group of n = 146, the mean SD for both 

baseline serotonin urinary assay groups was determined. For 

Group 1, the mean dopamine value was found to be 144.0 

(±286.9). For Group 2 (baseline testing performed on a dif-

ferent day after the first assay), the mean dopamine value was 

found to be 198.6 (±484.8). All data greater than the value 

found in calculating the sum of two SD plus the mean were 

removed from consideration, revealing a group of n = 138. 

The matched-pairs grouping was then analyzed using the 

matched-pairs t-test. The baseline urinary serotonin assay 

grouping analysis revealed a P value of 0.0049. These find-

ings indicate that baseline urinary dopamine levels do differ 

in a statistically significant manner when baseline assays are 

performed on different days in the same subject, and are not 

uniform or reproducible from day to day.

Discussion
The focus of this research is the applications of urinary sero-

tonin and dopamine assays, whereby three distinctly different 

application models of monoamine assays are being promoted. 

The basis of the tumor model is screening for a monoamine-

secreting tumor. This methodology is well founded. The 

OCT model is a relatively new application of monoamine 

assays, but its validity is supported by the literature.3–5 The 

third application model for monoamine assays, the urinary 

neurotransmitter testing model, has no indepth, valid, peer-

reviewed scientific literature to support its use. The UNT 

model distinguishes itself from the two other approaches 

by requiring use of baseline urinary monoamine assays, and 

advocates a direct relationship between urinary serotonin and 

urinary dopamine when the serotonin and dopamine amino 

acid precursor daily dosing levels are varied. The following 

is a consolidation of the findings and scientific concepts 

discussed in this paper with the claims and approach for use 

of monoamine assay applications under the UNT model.

Significant challenges to the urinary neurotransmitter 

testing model include the widely recognized finding that sero-

tonin and dopamine do not cross the blood–brain barrier.16–19 
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In support of applications for urinary serotonin and urinary 

dopamine assays, the UNT model claims that serotonin and 

dopamine do cross the blood–brain barrier.6–8 This assertion 

is widely known to be untrue.16–19

No significant amount of serotonin and dopamine filtered 

at the glomerulus reaches the urine. Serotonin and dopamine 

found in the urine are newly synthesized in the kidneys, and 

their levels are a function of the interaction between the 

basolateral monoamine transporters and the apical mono-

amine transporters of the proximal convoluted renal tubule 

cells.19 The UNT model claims that serotonin and dopamine 

are merely filtered at the glomerulus, and then enter the urine 

without further renal interactions.6 This assertion is not sup-

ported by review of the relevant science.

Urinary serotonin and urinary dopamine found in the 

urine have no correlation with brain or peripheral serotonin 

and dopamine levels. Significant levels of urinary serotonin 

and urinary dopamine molecules assayed in the urine have 

never been shown in the brain or peripheral nervous system.3,5 

The UNT model, based on assertions that serotonin and 

dopamine cross the blood–brain barrier and are then simply 

filtered at the glomerulus and enter the urine, claims that 

urinary monoamine assays represent the functional neu-

rotransmitter status of the central nervous system, peripheral 

nervous system, and urine.1 This assertion again is not sup-

ported by the relevant science.

There is no consistent direct relationship between sero-

tonin and dopamine amino acid precursor daily dosing levels 

and the amount of serotonin and dopamine that appears 

in the urine on monoamine assays.3–5 The peer-reviewed 

literature notes that there is no relationship between admin-

istration of the serotonin precursor, 5-HTP, in varied doses 

and subsequent urinary serotonin levels.4 The literature also 

notes that there is a correlation between administration of 

L-tyrosine and urinary dopamine levels, but this is an inverse 

relationship,4 and not the direct relationship predicted by 

the UNT model.6,7 The UNT model advocates that there is a 

dominant direct correlation between amino acid doses and 

urinary serotonin and urinary dopamine found on assay.6,7 

This leads to the assertion under the UNT model that simply 

determining whether the urinary serotonin and urinary dop-

amine levels found on assay are high or low is the focal point 

of proper monoamine assay interpretation.6,7 This assertion 

is not supported on review of the science involved.

Statistical analysis of baseline monoamine assays reveals 

that these assays do not predict the response to precursor 

therapy. They differ significantly with subsequent baseline 

assays undertaken on different days from the same subject, 

and no significant difference exists with assays performed 

when amino acid precursors are taken. These findings are 

contrary to the assertions of the UNT model.6–8,11

The UNT model claims that baseline monoamine assays 

obtained prior to ingestion of supplemental amino acid pre-

cursors can identify neurotransmitter imbalance in the central 

nervous system, peripheral nervous system, and urine.6–8 Due 

to the statistical difference in baseline monoamine assays in 

the same subject from day to day, an unlimited number of 

different neurotransmitter imbalances might theoretically 

be diagnosed with serial assays performed on many dif-

ferent days from the same subject. There is a statistical 

difference between baseline urinary serotonin and urinary 

dopamine assays in subjects not harboring a monoamine-

secreting tumor. The assertion that baseline monoamine 

assays can diagnose central nervous system, peripheral 

nervous system, and urinary neurotransmitter dysfunction is 

not supported on review of the scientific literature.

The UNT model also claims that baseline assays of 

urinary serotonin and urinary dopamine are required prior to 

starting serotonin and/or dopamine amino acid precursors to 

assist in selecting the optimal daily serotonin and dopamine 

amino acid precursor doses.8–10 Using any laboratory criteria to 

diagnose serotonin and dopamine imbalance prior to selecting 

the starting point of amino acid dosing gives results that differ 

statistically from day to day and are not reproducible. The asser-

tion on the part of the UNT model that baseline monoamine 

assays are needed to determine a starting point for serotonin and 

dopamine amino acid precursor treatment is not supported.

The UNT model claims that baseline assays are required 

to minimize side effects when treatment with amino acid 

precursors is started. The results of baseline assays obtained 

from the same subject on different days vary statistically, 

and are not reproducible relative to the first baseline assay 

obtained. The ability to minimize side effects claimed on 

the basis of the UNT model is not supported by the reported 

science.

The UNT model incorrectly asserts that baseline mono-

amine assays can serve as a reference point during treatment 

to gauge effectiveness of treatment when serotonin and dop-

amine amino acid precursors are started.8,10 As noted already, 

there is a significant statistical difference between values 

found with baseline monoamine assays and baseline assays 

performed on a different day in the same subject, leading to 

a host of different reference points being generated when 

baseline assays are obtained on multiple days. The baseline 

assays cannot be used as a reference point to measure treat-

ment progress or indicate results of treatment.
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The only valid correlation that exists between monoamine 

assays performed with and without administration of amino 

acid precursors in subjects not suffering from a monoamine-

secreting tumor is the three-phase model described in the 

literature. When the three-phase model is applied correctly 

to urinary serotonin and urinary dopamine assay results, 

it leads to a predictable course of outcomes with urinary 

serotonin and urinary dopamine assay interpretation. The 

three-phase model is based on the interaction between the 

newly synthesized serotonin and dopamine by the kidneys 

with the basolateral monoamine (serotonin and dopamine) 

transporters and the apical monoamine (serotonin and dop-

amine) transporters of the proximal convoluted renal tubule 

cells of the kidneys, leading to the serotonin and dopamine 

that is found in the urine on assay.3–5

Conclusion
The application and interpretation of baseline monoamine 

assays according to the urinary neurotransmitter testing 

model is not a valid approach because there is a significant 

statistical difference between baseline monoamine assays 

and monoamine assays obtained on a different day from 

the same subject and no significant statistical difference in 

subsequent monoamine assays performed while taking amino 

acid precursors. The UNT model has no ability to diagnose 

central or peripheral nervous system serotonin and dopamine 

imbalance using baseline monoamine assays in subjects 

not suffering from monoamine-secreting tumors. Urinary 

serotonin and urinary dopamine assays are not assays of 

serotonin and dopamine that have been in the central nervous 

system. Serotonin and dopamine do not cross the blood–brain 

barrier. Significant amounts of urinary serotonin and urinary 

dopamine found on assay have not been in the brain or in the 

peripheral system. Urinary serotonin and urinary dopamine 

are filtered at the glomerulus and are then metabolized in 

the kidneys, with no significant amounts of serotonin or 

dopamine filtered at the glomerulus being found in the urine. 

Levels of urinary serotonin and urinary dopamine found on 

assay are newly synthesized in the kidneys, and are a function 

of the interaction between the basolateral monoamine trans-

porters and apical monoamine transporters of the proximal 

convoluted renal tubule cells.

A simple direct relationship between the daily dosing 

levels of amino acid precursors and monoamine assays does 

not exist in most cases. Due to complex renal physiologic 

interactions between serotonin and dopamine newly synthe-

sized by the kidneys, a complex relationship is observed that 

is defined by the three-phase model described in the already 

published peer-reviewed literature.

The goal of this paper is to spark interest, research, aware-

ness, and scrutiny of the topics discussed. A laboratory assay 

is only valid if properly interpreted. Correct interpretation 

of monoamine assays while taking amino acid precursors is 

complex, and not a direct linear relationship as predicted by 

the UNT model.

Disclosure
TU and MH are director and owner of DBS Laboratories, 

Duluth, Minnesota respectively. AS and GT have no conflicts 

of interest to report in this work.
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